Public sector organizations (PSOs) are facing important structural, financial, environmental, and technological pressures. To adapt and respond to this complex and changing environment, PSOs need to deploy new innovative and collaborative approaches to capture and capitalize on specialized knowledge coming from a wider number of contributors. Open innovation (OI) is one such promising approach. Drawing on a dynamic capabilities perspective and based on an analysis of 100 case study reports of OI initiatives, we identified 16 key organizational actions deployed by PSOs to implement OI initiatives. Data analysis showed that PSOs' dynamic capabilities of sensing, seizing and transforming are enacted and collectively used to engage in OI initiatives through these 16 organizational actions. In virtually all of these organizational actions, information technology (IT) plays a key role either as a central support tool or as an outcome.
Introduction
Climate and environmental changes, constant and rapid evolution of digital technologies, population aging, dwindling resources, and financial crises are among the many unprecedented challenges faced by public sector organizations (PSOs). Not only are PSOs facing structural and conjectural pressures that limit their resources [1] , but they also need to address citizens, communities as well as private organizations expectations towards an improvement of their services in terms of availability, flexibility, quality and effectiveness [2, 3] . In addition, PSOs are facing pressures to increase transparency, improve participation in governance processes and foster collaboration [4] . All of these interrelated factors create a volatile, uncertain and increasingly complex environment that requires specialized knowledge coming from a wider number of contributors [5] . New innovative and collaborative approaches are therefore needed in order to solve what are often characterized as "wicked problems" [2] .
Innovation, which refers to "a micro and macro dynamic process by which agents, organizations, institutions and the macro structure of the economy are transformed by the effects of a novel idea" [6, p.123 ], can help PSOs to adapt to this complex and changing environment. Indeed, innovation in the public sector has been shown to contribute to the improvement of quality, effectiveness and efficiency of public services, the increase of citizen satisfaction and trust, the involvement of citizens and private partners [1, 5, [7] [8] [9] [10] .
Most public service innovations are episodic and mainly driven by accidental events such as a response to new legislation, crises or spending cuts [2, 11] . A number of contextual factors hinder PSOs abilities to develop sustainable innovative capacities. For instance, PSOs are usually less innovative that they should be, because public sector innovation is weakly incentivized and measuring innovation performance is difficult [6] . Furthermore, PSOs have to evolve in a complex, multifunctional, risk-averse and legal-based environment with bureaucratic rules and performance indicators which tend to prevent innovation [2, 11] .
Therefore, in order to be innovative, PSOs need to change their organizational forms and interaction modes. Several propositions have been formulated to improve public sector innovations such as deregulation, privatization, recruiting recognized innovators, design and test promising ideas, or create favorable conditions where drastic ideas can evolve [2, 6] . Previous research has also advanced several strategies of openness and collaboration, such as creativity networks, crowdsourcing or user-driven innovation [2, [12] [13] [14] . Such strategies relate broadly to the concept of open innovation (OI) that generally refers to processes that purposively integrate "inflows and out-flows of knowledge to accelerate internal innovation, and expand the markets for external use of innovation, respectively" [12, p. 1] .
In practice OI is not just one approach but many different approaches, each presenting enormous opportunities as well as major challenges. Huizingh [15] argues that "open innovation requires managers to make new decisions in developing and exploiting innovation activities. When, how, with whom, with what purpose, and in what way should they cooperate with outside parties (p. 6)". Thus, in order to maximize their value and benefits, PSOs need to develop the organizational capabilities necessary for the development and sustained exploitation of OI initiatives [16] . However, the study of OI, in particular the organizational capabilities needed to implement OI in the public sector, is relatively limited.
The current paper intends to address this gap by adopting a dynamic capabilities perspective to study the organizational actions that PSOs should implement in order to successfully engage in OI initiatives. Dynamic capabilities are defined as "the ability to integrate, build, and reconfigure internal and external competencies to address rapidly-changing environments" [17, p. 517 ]. Among the body of organizational capabilities, dynamic capabilities offer a useful lens to help us understand how an organization can transform its strategy, its existing resource base, as well as the whole ecosystem in which it evolves [18] . Dynamic capabilities are enabled through a set of organizational actions that are working together to facilitate changes and adaptation [19] .
The current paper focuses on the implementation of successful OI initiatives and tries to answer the following research question:
What organizational actions should be deployed by PSOs in order to build the necessary dynamic capabilities for successfully engage in OI initiatives?
The paper also puts a particular emphasis on the role of information technology (IT) in the deployment and execution of OI initiatives. To answer the research question, an analysis of 100 case study reports of OI initiatives in the public sector has been conducted. A total of 16 key organizational actions deployed by PSOs to implement OI initiatives have been identified.
It is through these organizational actions that PSOs' sensing, seizing and transforming capabilities are enacted [20] . Identifying such organizational actions is a first step to help scholars better understand how dynamic capabilities support successful OI initiatives and for practitioners, to provide tangible guidance to implement and exploit OI initiatives in PSOs.
The remainder of the article is structured as follows. The first section presents the theoretical lenses: OI in the public sector context and dynamic capabilities. The second section describes the methodology used to conduct the study, while the third section provides the results. The fourth section presents a discussion and is followed by a conclusion.
Theoretical background

Open innovation processes
Innovation can be defined as the application of a new idea that induces a change in practice with a goal of value creation [2, 21] . The innovation process then consists in wanting to significantly improve the existing situation by transforming innovative ideas into concrete solutions that will be implemented in the organization [22] . It is a dynamic process through which agents, organizations, institutions, and structures of the economy are transformed by the effects of new ideas [6] . In order to foster innovation in organizations, it is important to understand how to promote, support and manage each step of the innovation process. Therefore, to stimulate and sustain innovation, organizations should carry out a set of organizational actions that are usually enacted through the deployment and usage of a combination of organizational, financial, and technological resources and infrastructures [23] [24] [25] . The implementation of more efficient innovation processes is favored by new forms of interaction and organizations based on openness and collaboration [26] . In this regard, the development of OI approaches has been proposed to improve the speed of the innovation cycle, to capture collective intelligence as well as to diversify the sources of innovation, expertise and knowledge [27] [28] [29] [30] .
OI is defined as the integration and voluntary dissemination of knowledge to respectively accelerate internal innovation, and foster the external use of innovation outputs [28] . While OI has many advantages, the approach also raises several questions, such as how to protect intellectual property, how to manage multiple relationships and partnerships, especially where these are spread across diverse areas of collaborations that usually involve university [15, 31] . As for more traditional innovation processes, OI requires the organizations and managers to undertake a set of appropriate actions to promote innovation. However, the deployment of opened and collaborative strategies to innovation is particularly complex, as it not only necessitates the successful activation of internal processes, but also requires the establishment of singular organizational structures and systems that encourage the involvement of external contributors throughout the innovation process [32] .
Thus, adequate resources should be deployed in order to enable the collection of requisite knowledge at each phase of the innovation process, then supporting the identification of problems, the provision of circular feedback, the development of solutions, and the design of appropriate implementation plans [32] .
Open innovation in the public sector
Besides the prospect of better innovation outputs and the creation of public value, motivations for implementing OI in the public sector also encompass improved transparency and accountability of institutions, enhanced political decision-making, as well as increased citizen well-being [33] . OI approaches could help PSOs extend their boundaries in order to capture and integrate external knowledge and perspectives from contributors who are traditionally not involved in innovation processes. Potential contributors include a variety of stakeholders, such as citizens, end-users, community groups, other public organizations, or private companies [34] . The plurality of potential contributors and strategies to capture external knowledge, ideas, and creativity requires PSOs to make complex but informed choices. In particular, PSOs must select appropriate approaches "along a continuum that moves from general crowdsourcing and to taskspecific peer production, with a (currently not realized) potential for future collaborative implementation of the innovations [4, p. 601]". Each approach has not only its benefits and opportunities, but also its own challenges that imply the deployment of specific resources and infrastructures. For instance, the approach of crowdsourcing involves a large and anonymous group of people, usually citizens in the public sector context, which contributes to the creation of a public good by providing answers to an open call for contribution [4, 10] . In comparison, coproduction mode provides a more integrated and closely collaborative form of OI, where citizens and public servants cooperate in administrative and policymaking processes for the generation and delivery of public value [10] . To this end, PSOs could use the ideas and knowledge of contributors through coproduction activities facilitated, for instance, by innovation competitions such as hackathons, cooperathon or startup weekends. PSOs could also foster the self-provision of services by citizens through the installation of appropriate infrastructures, such as community portals for collaborative decision-making [10] and through effective incentives [35] .
Several factors have been identified as facilitating the implementation of OI in the public sector. At the organizational level, De Vries et al. [1] have identified slack resources and notably IT investments, leadership styles, degree of risk aversion, as well as incentives and rewards, as important organizational antecedents of public sector innovations. At the individual level, employee and citizen empowerment, job-related knowledge and skill and creativity, have been suggested as main antecedents of innovativeness [1] . IT investments also play a particular and important role in OI initiatives and citizen participation [11] . Driven by the convergence of information, communication and social networking technologies, PSOs can access large and diverse knowledge bases to help them define and solve problems more efficiently. In turn, when citizens are empowered through universal and digital access to information and services, they can not only contribute more effectively to the public arena, but also enforce transparency and accountability that would result in an increased confidence in public institutions [33] .
Dynamic capabilities framework for open innovation
The concept of dynamic capabilities, introduced by Teece et al. [17] , was originally based on the resourcebased view perspective (RBV) [36, 37] , and provides a more dynamic orientation for organizational capabilities [18] . Dynamic capabilities refer to "the firm's ability to integrate, build, and reconfigure internal and external competences to address rapidly changing environments" [17, p. 516 ]. However, as mentioned by Helfat & Martin [38] , dynamic capabilities are context specific and developing them has to be done over time and requires funds and efforts.
As suggested by Teece [20] , "dynamic capabilities can be disaggregated into the capacity (1) to sense and shape opportunities and threats, (2) to seize opportunities, and (3) to maintain competitiveness through enhancing, combining, protecting, and, when necessary, reconfiguring the business enterprise's intangible and tangible assets (p. 1319)." To develop its ability to sense opportunities and threats, organizations have to develop a comprehensive understanding of their environment by constantly scanning, searching, and exploring across technologies and markets, i.e. sensing [20] . Then, once a new idea is sensed, organizations have to make strategic choices and invest time, efforts and funds to address the opportunity, i.e. seizing [20] . However, seizing an opportunity also means that organizations have to develop their abilities to reconfigure their assets, resources and structure, i.e. transforming/reconfiguring [20] .
These three capabilities pose specific challenges to PSOs implementing OI initiatives. For instance, a strong emphasis on citizen-sourcing approaches has often provided a large amount of contributions (sensing), but no easy ways to sift through them and choose the most noteworthy one (seizing). Also, most PSOs have invested time and resources to involve external contributors to generate ideas but very limited energy in selecting, implementing and diffusing innovations (seizing and transforming) [12] .
Methodology
This research project focuses on identifying organizational actions deployed by PSOs to facilitate OI processes as well as how IT can be used to support such initiatives.
In order to reach the paper's objectives, a set of OI cases in the public sector was reviewed. A total of 100 1 case studies of OI projects in PSOs (see Table 1 for descriptive data), launched between 2009 and 2019, have been identified and selected from the Observatory of Public Sector Innovations (OPSI) (https://oecd-opsi.org/innovation/case-studies/). The OPSI is an initiative that collects and categorizes exemplary OI projects to build an extensive database of cases from more than 60 countries. The cases are published and available on a digital platform. The objectives of the OPSI are to encourage public sector innovation by facilitating knowledge sharing. In each case, a particular emphasis was placed on sharing the challenges encountered, the key decisions made, the actions taken, and the lessons learned. To be included, a case study should have deployed an OI approach, 1 The 100 case studies are the most recent ones posted on the digital platform as of June 8, 2019. namely, the case study must have involved at least one public sector agency with at least one stakeholder external to the focal agency (e.g. citizen, community groups, private organization, other governmental agencies, etc.). As a first step, organizational actions [19] used to address different challenges during OI projects, were coded using NVivo software for each of the 100 cases. Next, similar organizational actions were grouped and labels were created for each of them. To ensure reliability of the research, one author and one research assistant independently coded the 100 reports and discussed their results until a consensus view was reached. Finally, the resulting organizational actions were associated with their intended objective to facilitate either sensing, seizing, or transforming dynamic capabilities.
Results
A total of 16 organizational actions deployed by PSOs to implement successful OI initiatives have been identified. It is through these organizational actions that PSOs' dynamic capabilities of sensing, seizing and transforming were enacted and collectively used to achieve OI initiatives. As shown in Table 2 , each organizational action can potentially reflect more than one type of dynamic capability.
Dynamic capability of sensing opportunities or threats
In order to sense new opportunities or threats, organizational actions used by PSOs when implementing OI initiatives are oriented towards strengthening relationships between their various partners. Opportunities to meet, whether online or in person, are created to foster interactions between Page 5945 individuals and organizations. Online, PSO can use dedicated OI platforms to facilitate ideas generation and knowledge sharing between partners (see OA#1 in Table 2 ), and/or build an online presence on existing social media (e.g. Twitter, Facebook) (OA#2).
On these platforms, users, be they existing partners or external stakeholders, can submit ideas that will then be discussed and/or voted on by participants. Moreover, social media is not only use to transmit relevant information to the public or to collect ideas, but also to identify new individuals and/or organizations who can participate or get involve in the innovation effort. PSOs can also organize in-person meeting events, such as hackathon, rallies, cooperathon, or workshops to transmit information related to innovation objectives, in order to generate interests in the innovation and to promote the development of new ideas (OA#3).
The results also showed that a good understanding of potential users (e.g. citizens), notably in terms of knowledge, expertise and/or interests, helps to identify innovation opportunities that could meet their needs (OA#4). This can be done by working with partners who work directly with users. Observations, surveys, face-to-face or online communication, or even ethnography can also be used to better understand potential users. The generation of ideas is not only done through external actors but can also come from the organization itself or from the ecosystem in which it operates. Thus, developing an organizational culture that values experimentation and experiential learning facilitates these processes and has been highlighted in several cases (OA#15).
Dynamic capability of seizing opportunities
In order to seize opportunities among different innovative avenues, PSO can put in place different organizational actions. Our results revealed 7 distinct organizational actions that are intended at seizing innovation opportunities (OA#2-6 and OA#15-16). A good understanding of potential users, in terms of knowledge, capabilities and interests, enables PSOs to seize the opportunities that better fit their needs (OA#3). Meetings between OI partners and external stakeholders are also important occasions to receive feedback in order to select the most appropriate technology or service to develop (OA#2, OA#4).
In terms of processes, the adoption of agile methods (OA#6) and the development of pilots and pre-tests throughout the innovation process (OA#5) are two other organizational actions that can help PSO to better seize opportunities. Agile practices, as well as other forms of iterative development, provide organizations the ability to receive continuous feedback and to adapt quickly to changes.
Dynamic capability of transforming the organization
The dynamic capability of transforming the organization is reflected in 11 organizational actions (OA#6-16). First, OI approaches involve the integration of external knowledge and perspectives from a plurality of contributors, including stakeholders that are not traditionally involved in innovation processes (e.g. citizens). Therefore, identifying and selecting the right partners appears to be a very important organizational action (OA#11). In order to build multidisciplinary innovation teams, it is deemed important to select partners that can add different knowledge, skills, but also believe in the project. In addition, partners who understand users' needs (e.g. citizens) or those who have access to the users or are close to them can also be beneficial for the innovation process.
Second, effective collaboration is essential to successfully carry out an innovation process in an OI context. To facilitate collaboration, the use of a collaborative framework that defines the roles of each partners as well as the communication protocols and tools is considered important (OA#12). This type of framework aims to ease communication between partners and enables everyone to be informed in a transparent way despite the difficulties related to different perspectives, organizational background, barriers or knowledge and skills. A complementary organizational action is to coordinate partners' efforts using a collaborative platform (OA#16). The use of such digital platforms strengthens partners' commitment by sharing project progress, facilitating communication, information exchange, and collaboration between project stakeholders. Finally, monitoring innovation processes and sharing project progress also facilitate collaboration by ensuring that each partner knows who should do what (OA#13). This is achieved by using a well-defined governance framework, in which the roles and responsibilities of each are clearly described. The results also revealed that PSOs should be cautious about allocating sufficient financial resources throughout the different phases of the project (OA#8).
Third, on the management side, obtaining political and senior level support and developing strong leadership are also two important organizational actions that helps PSOs to transform themselves (OA#9-10). In addition, the related organizational action of enhancing partners' motivation and Page 5946 commitment to participate in the project is another way to facilitate organizational transformation (OA#7). Enhanced motivation and commitment can be achieved by building trust in the process, promoting the benefits of the innovation, and clarifying each partners' gain (recognition, monetary rewards, etc.).
Transforming the organization also involves organizational culture. Several cases mentioned nurturing an open and innovation culture as an important organizational action to realize (OA#15). Ideally, an organizational culture in which experimentation and experiential learning are encouraged as well as patience, supportive and accept risk, should be promoted. Indeed, open communication and transparency enable people to feel free to report issues and failures. People should also be willing to follow and execute ideas that are coming from outside the organization.
Finally, building a flexible IT infrastructure that can be easily expanded to support the evolution of innovation is another important aspect of organizational transformation (OA#14). In several cases in our sample, the use of open source, open code, and, when possible, open data approaches with publicly available data repositories, was promoted to ease the innovation development by different partners. Gain political and senior level support
Gain political and senior level support during all stages of the innovation process, across governments, agencies and collaborative partners, in order to enhance stakeholder's engagement and build momentum in the project. 12 Use a structured collaborative framework
Use a collaborative framework that defines a shared methodology, the roles of each partners and the communication protocols and tools so that their engagement in the project is well structured. The goal is constant communication between partners and that everyone is informed in a transparent way.
Partners should also be consulted adequately in order to receive continuous feedback on the innovation development. 
Discussion
Through an analysis of 100 exemplary OI case studies, we identified organizational actions through which PSOs' sensing, seizing and transforming capabilities [20] are enacted to engage in OI initiatives. These organizational actions were deployed to deal with the challenges and the opportunities of OI initiatives.
A small proportion of the organizational actions identified (6 out of 16) were associated with the sensing capability. These actions (i.e., generating and collecting ideas (OA#1), building a social media presence (OA#2), organizing meetings with OI partners (OA#3), mapping users' needs (OA#4), nurturing innovation culture (OA#15) and coordinating OI partners' efforts (OA#16) are essential in helping PSOs to develop a more comprehensive understanding of their environment as well as the OI ecosystem. In most of these organizational actions (5 out of 6), IT plays a central role as it supports the collection of data, information and/or knowledge (OA#1), serves to communicate and diffuse data, information and/or knowledge (OA#2), fosters collaboration (OA#3) and coordination (OA#16) between OI partners and helps improve the needs-innovation fit (OA#4).
The organizational actions identified that were associated with the seizing capability represent 7 out of the 16 actions in the sample. Organizational actions, such as the development of pilots (OA#5) or the adoption of agile approaches (OA#6), should help PSOs make appropriate strategic choices regarding the selection, implementation and eventually diffusion of innovations. Here IT plays a central role not only in a support role, but also in an outcome role. For instance, digital platforms or online collaboration tools can support the organization in meetings coordination (OA#3), as well as in coordination between OI partners' efforts (OA#16). Further, while IT tools can support activities during the development of a pilot (OA#5), in some cases, IT was also the innovation in itself, and therefore considered as an outcome of the innovative activities.
A large proportion of the organizational actions identified (11 out of 16) were associated with the transforming capability. Unlike the two previous capabilities where IT played central and supportive roles, IT seems to have a more peripheral and indirect influence with respect to enhancing partners' commitment (OA#7), allocating financial resources (OA#8), gaining support (OA#9), developing strong leadership and vision (OA#10) or using well-defined collaborative framework (OA#12). However, some actions associated with the transforming capability seemed to rely more extensively on IT tools and platforms, notably when it comes to identifying and selecting partners (OA#11), monitoring innovation processes (OA#13) or coordinating OI partners (OA#16).
Thus, when looking at organizational actions by which PSOs implement OI initiatives, our data suggests that IT has a pervasive role as it supports most of the actions deployed by the organization. In particular, our data suggest that IT was used to: 1) support the processing and sharing of information; 2) facilitate the acquisition, interpretation, assimilation, transformation, and utilization of knowledge; 3) help manage resources and tasks; 4) synchronize activities; 5) enhance communication; and 6) enable real-time information and knowledge flows [39] . However, in order to effectively use these technologies, one aspect that PSOs must not neglect is to have the appropriate IT leveraging competence in OI or the ability of the OI work units to effectively use IT functionalities to support IT-enabled OI activities [40] .
Conclusion
Public sector organizations (PSOs) are facing important structural, financial, environmental and technological pressures. To adapt and respond to this complex and changing environment, PSOs need to deploy new innovative and collaborative approaches that capture and capitalize on specialized knowledge coming from a wider number of contributors. Adopting a dynamic capabilities perspective and based on an analysis of 100 case study reports of OI initiatives, 16 key organizational actions deployed by PSOs to implement OI initiatives have been identified. These 16 organizational actions enabled PSOs to enact dynamic capabilities and were collectively used to successfully engage in OI initiatives. Our data analysis also show that in most of those organizational actions, IT plays a key role as a central support tool.
One interesting future research avenue would be to look at the relationship between IT leveraging competences in OI and the dynamic capabilities deployed by PSOs to achieve OI initiatives. PSOs should take into consideration that the implementation of the identified organizational actions ( Table 2) will help them develop their dynamic capabilities that would eventually help them to successful engage in OI initiatives.
Developing dynamic capabilities is an ongoing process and effort and once developed and sustained, these capabilities can be used to leverage in Page 5949 subsequent OI projects. This iterative loop will then assist PSOs to shape their organizational agility [41] .
The main limitation of our research paper is that the dataset contains case studies of OI projects already completed or in progress. Therefore, some details, for instance related to the organizational actions undertaken by PSO to sense new opportunities, might be lacking.
We hope that this study's results will guide and support practitioners in engaging in and deploying OI initiatives, as well as assist scholars in their exploration of issues related to OI initiatives in the public sector.
